The availability of anti-phosphocholine antibody of the TEPC 15 idiotype from the clonal progeny of a single precursor cell, stimulated in vitro, permitted the demonstration of monoclonal antibodies with as many as three immunoglobulin classes with identical variable regions. This demonstration was dependent on sensitive radioimmunoassays which showed a one to one relationship between the total anti-phosphocholine antibody produced by a clone and the sum of anti-phosphocholine antibody of the different classes as well as the amount of antibody of the TEPC 15 idiotype. The class distribution was confirmed by isoelectric focusing identification of IgM, IgA, and IgGI antibodies of the TEPC 15 idiotype produced by single clones which showed characteristic pl values for each immunoglobulin class. Thus, within the generative phase of a single antibody-producing cell clone, various heavy chain constant regions can be linked to the same variable region, and single precursor cells have the capacity to generate progeny expressing at least three distinct immunoglobulin classes.
The heterogeneity of immunological responses to most antigens represents the composite antibody product of many monospecific precursor cells responsive to those antigens (1) . In addition to heterogeneity of the variable domains and their respective antigen-binding sites, heterogeneity also exists in the constant region of the heavy chain, since antibodies of similar specificity are produced by individual animals in several immunoglobulin classes (2) . Considerable evidence is available in support of the hypothesis that the variable and constant regions are under separate genetic control and are joined to form a heavy or light chain (3) (4) (5) . Inherent in this "two gene-one polypeptide chain" hypothesis is the concept that any constant region gene may be associated with any variable region gene (6) . The most compelling evidence for this is derived from the study of sera from myeloma patients, which contain monoclonal IgM and monoclonal IgG2 proteins identical in the heavy chain variable region by partial sequencing and idiotype (5) . The sharing of idiotypic markers by IgM and IgG immunoglobulin has been reported in other systems (7, 8) , and recently several investigators have demonstrated idiotypic cross reactions between a mouse myeloma protein of the IgA class with specificity for phosphocholine (PC) and anti-PC antibody of the IgM class from Balb/c mice (9, 10 (15) . Limiting doses of spleen cells from unimmunized donor Balb/c mice were injected intravenously into lethally irradiated hemocyanin-primed syngeneic recipients. Sixteen hours later, the recipient's spleens were diced and the fragments were stimulated in vitro with 3-(p-azophenylphosphocholine) -N-acetyl-L-tyrosylglycylglycine-hemocyanin (PPC-TGG-Hy) (16 9P-g, a; l0A, Lyl, a; 11-,, a, 12-1a,yl 13-1, a; l4-, -yl, a; i-lu, a; l6-u, a; 17--, yl, a.
Fab (15) . Heavy chain classes were quantified by the same procedure, only employing "2'I-labeled goat antibody to mouse IgG1, IgM, and IgA as the detecting reagent (14, 17) .
The TEPC 15 plasma cell tumor was obtained from Michael
Potter, National Cancer Institute, National Institutes of Health, Bethesda, Md., and maintained by serial passage in Balb/c mice. Protein was purified from ascites fluid by adsorption to and elution from PC-glycyltyrosine-Sepharose 4B (Pharmacia Fine Chemicals, Inc., Piscataway, N.J.) as described previously (17) . The idiotypic determinant of the TEPC 15 protein, which has binding specificity for PC (18) , is found on the majority of antibody to PC in the Balb/c strain (9 It has been previously shown that the frequency of foci producing more than one antibody specificity is close to that predicted by the random distribution of precursors (14) . The results of Table 2 indicate that the frequency of clones producing anti-PC antibody of more than one immunoglobulin class is significantly greater than the number predicted by the random occurrence of more than one precursor in the same fragment. Thus, the vast majority of fragment cultures producing anti-PC antibody even of two or more immunoglobulin classes are derived from a single precursor cell.
Analysis of Clonal Antibody Separated by Isoelectric Focusing. The isoelectric spectrum of each immunoglobulin class of The focusing patterns presented in Fig. 2 show that antibody containing the TEPC 15 idiotype of the IgM class has a pI range of 4.5-5.1 with a peak at 4.6-4.7, IgGi antibody bearing the idiotype focuses with a pI of 7.4-7.8, and IgA antibody of the idiotype focuses in a pI range of 5.9-6.2 with a peak at 6.1. The broadness in the focusing patterns of the monoclonal antibodies may reflect in vitro post-synthetic modification. In vivo modifications have been previously reported (21) and seem to be present in the TEPC 15 myeloma protein found in ascites fluid, which focuses in the same pI range as monoclonal IgA antibody but with a less distinct peak.
The most direct demonstration of monoclonal production of several immunoglobulin classes with identical idiotypes is presented in Table 3 . Here the immunoglobulins from fragment culture supernatants containing more than one class were separated by isoelectric focusing pH gradients. As seen in Table 3 , antibody from a clone that produced any combination of IgM, IgGi, and IgA also had the idiotype region associated with each class. Since the amount of antibody detected by the anti-idiotype assay usually approximated that observed with anti-Fab, each peak represents antibody with only the TEPC 15 idiotype. In addition, antibody containing the different heavy chain products focused consistently within the pH range delineated for each class in Fig. 2 (14) .
Absolute evidence for two immunoglobulins sharing the same variable heavy region in these clones was lacking, however, since the idiotype of the antibody product was not identified. The experiments reported here extend this analysis and serve as an unambiguous demonstration of the production of antibody with differentheavy chain constant regions butapparently identical variable domains by the clonalprogeny ofa single B cell responding to antigenic stimulation. The experimental design not only insured the single cell origin of the antibody-producing cell population, but also provided sufficient antibody from a single clone to permit establishing its immunoglobulin class as well as the identity of the variable regions, both by isoelectric focusing and anti-idiotype antibody analysis. Although other workers have indicated that the TEPC 15 idiotype can only be found on IgM antibody after antigenic stimulation of Balb/c mice (10, 22, 23) , we have previously demonstrated that maximizing carrier recognition allows the production of other immunoglobulin classes both in vivo and in vitro (17) .
Much evidence is available indicating the single cell origin of antibody-forming cells in fragment cultures. This includes the linear dose-response relationship between the number of cells transferred and the resulting number of positive fragment cultures found for responses to a variety of haptens (15) . The antibody produced by such fragment cultures is homogeneous by the criteria of isoelectric focusing spectrum (20) and equilibrium dialysis analysis of hapten binding characteristics before and after polypeptide chain recombination (1, 24) . Furthermore, previous analyses have shown that in spite of a potentially heterogeneous response to PC in Balb/c mice, fragments producing antibody of the TEPC 15 idiotype do not produce anti-PC antibody bearing another idiotype (17) . The presence of two clones in a single fragment culture has been reported to be a statistically random event (14) . However, the frequency of clones producing anti-PC antibody of more than one class is significantly higher than that predicted by the random distribution of more than one precursor in a fragment, and this has also been observed in double-classproducing anti-Dnp foci (14) . Thus it would seem from this and the linear relationship shown between Fab and idiotype in Fig. 1 that the vast majority of fragment cultures producing anti-PC antibody even of two or more immunoglobulin classes are derived from a single precursor cell. This is most apparent in the frequency of cultures producing all three immunoglobulin classes and demonstrates that the lineage of cells producing IgM, IgG, and IgA can derive from a single immunocompetent cell.
The most definitive evidence in support of monoclonal production of several immunoglobulin classes with identical idiotypes has been obtained by isoelectric focusing analysis where it is shown in Fig. 2 and Table 3 that antibody of the TEPC 15 idiotype and a given heavy chain class will always focus in the same pI range. Accordingly, the immunoglobulin populations from clones producing more than one heavy chain class were separated by isoelectric focusing and each peak was independently analyzed for idiotype and class. It is clearly demonstrated from these experiments that regardless of imclones could be identified as being of the TEPC 15 idiotype by both anti-idiotype analysis and isoelectric focusing pattern. The validity of the focusing technique is confirmed by the demonstration of similarity between the pI value for TEPC 15 protein, the product of a plasmacytoma, and induced monoclonal antibody to PC. In this regard, the identity in pI as well as heavy chain class and idiotype provides strong evidence that myeloma proteins represent products of normal precursor cells (25) .
While analyses of myeloma proteins have demonstrated that identical variable regions can be associated with distinct immunoglobulin classes (5, 8, 9 ), the single cell origin and physiological relevance of these immunoglobulin-producing cells is uncertain. The studies reported here demonstrate the sharing of idiotypic specificity among immunoglobulin classes produced in response to antigenic stimulation of a single precursor cell and thus indicate that the genetic information coding for the variable heavy-chain region can be joined to any of several constant heavy chain genes within the generative phase of a single antibody cell clone.
